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concluded either that the diffuse sky radiation a t  a given 
place is extremely important (ratio of vertical com- 
ponent of solar radiation to that from sun plus sky was 
III Washington 0.80, in Davos 0.92) or that the differ- 
ence lies in instrumental errors,. of which a clue mi h t  
be found in , the above-mentioned investigation %y 
Eric R. Miller of the Callendar recorder. 

A comparison between the curves of heat radiation 
and the brightness curves iven in t.he January, 1921, 

might expect, that the former has a smaller amplitude 
than the latter. As a rough approsiniatipn, to illus- 
trate, the brightness intensity increases in’ the ratio 
1 :1.5 :2 with solar altitudes of 15, 20, and 2 5 O ,  while the 
heat radiation increases in the ratio 1 :1.35 :1.5. This 
point will be discussed later. 
In spite of the three small residual errors discussed 

above, the instrument has proved itself to he a gretit 
advance and will probably gain general use. It will 

issue of the MeteorologYisc f E Zeitschrift shows, as one.  

serve a useful purpose in man itivesti ations which arc 
of great importance to meteor0 ouical a c f  vances and which 
depend upon the interc.hange of %eat between the earth, 
sun, atmosphere, and space. This will depend also upon 
a correct understanding of the relations of nocturnal 
radiation to temperature and humidity and to the type 
and amount of clouds. Furthermore, the instrument 
will serve to give t-lie values of “vorderlicht” and “unter- 
licht ” (verticnl surface, and horizontal surface exposed 
downward) in calorie measurements; it  will giqe data 
on the relations between altitude and optical purity and 
rcidia.tion; anti if a suitable bell-glass is perfected i t  will 
estend investigations on single parts of the spechrum. 
The result,s ol-,ta,ined with this instrument may also be 
a valuitble check on the results obtained with other 
differently constructed instruments; in order that . we 
may be sure of an espcrimental result, it  seems impor- 
t.ant tahat it should appear 011 the basis of different 
met.hods agreeing with one another. 

NOCTURNAL TEMPERATURE INVERSIONS IN OREQON AND CALIFORNIA. 

Ry FLOYD J). YOUIQ, Meteorologist. cs/ 5 7 4 $6 3 4.1 c 7? c7f s’ 
c [Weather Burenu Office, Portland, Orcg., Jan. 5,Iml.l 

smoms. 

Not enough attention has been paid in the pa& to locating crops 
subject to damage by frost on the more frost-free hillsides; and at  the 
present day the phenomenon of nocturnal t,emperature inversion is 
not well understood by most fruit growers. Orchards set out 20 years 
sgo in some of the coldest sections in several fruit districts on t.he 
pacific coast are still being operated at a lose, while others have been 
removed only during the last two or three yeam Detailed records of 
nocturnal temperature differences on dopes, covering entire frost 
aeaaone, are Bcarce. 

Observations of nocturnal temperature inversions, macle at Pomona, 
Calif., and Medford, m., during the frost seasons of 1918, 1819, and 
1‘320, are given in detail and discussed in this paper. Inversions at 
Pomona during the winter are compared with those at Medford durinF 
the ping. Differences in minimum temperature as great aa 25’ E .  
were observed between stations at  the baRe and 2% feet above the base, 
on a hillside at Pomona. 

The greatest inversions occur on clear, calm nights, following warm 
days. The duration of the minimum temperature on the hillside is 
usually much shorter than on the valley floor below, on account of large 
fluctuations in temperature during the night on the hillside. 

On every hill where obaervat.ions were macle, the data indicate that 
on clear, calm nighta the top of the hill is colder than yointe on the 
hillside some distance below. 

The temporary vertical distribution of temperature 
found in the atmosphere over a plain or a valley floor on 
clear, calm nights, wherein the ‘air temperature increases 
from the ground up to a height of from 100 to 1,500 feet 
above the ground, is called “nocturnal temperature in- 
version.” 

The steps in the development of a nocturnal tempera- 
ture inversion may be summarized briefly as follows: 
Duriv a clear, calm day the temperature of the ground 

surface IS raised through heat received by radiation from 
the sun, and the air in contact with the ground is warmed 
by conduction. This warmed air is forced upward and 
replaced by cooler and denser air from near by or a.bove, 
and a circulation is established, which continues as long 
as the ground surface is warmer than the air in contact 
with it. Near sunset the air up to a height of a thon- 
sand feet or more is very nearly in adiabatic equilibrium. 

Aft& the sun goes down, the surface of the ground 
loses heat rapidly by radiation to the sky and its tem- 
perattiresoon falls below that of the air in contact with 
it. The surface air cools through conduchion of heatt 
into. the colder ground, and its density becomes increas- 
ingly greater. Its increased density tends to keep it in. 
contact with the ground, where it continues to grow 

colder and colder t.liroughout, t,he niuht. As air is a 
poor conductor and radiator of heat, tEe temperature of 
the air a few hundred feet above the ground falls much 
more slowly, and by sunrise a considerable difference in 
temperature has clevelo ed between the air a t  the sur- 

ground. 
In  the case of a valley, with fairly steep slopes on either 

side, t,he minimum temperature on a frosty night is 
likely to be much lower on the valley floor than a t  points 
on the hillside, the highest ininimum temperature oc- 
curring at  a height of from 300 to 1,500 feet above the 
valle floor. 

A LowIctl e of t,he average and extreme dserences in 
temperat.ure s IC tween different port.ions of the hillsides 
and the v:Jley floor is of great practical value in deciding 
where certain crops will be grown. If this information 
is avai ldk,  crops most susceptible to damage by frost 
ran he planted a t  the level on the hillside where the 
highest miniinuni temperature is f6und most frequen tl , 
and the colder locations on the floor of the valley can g e 
utilized t.0 grow more frost-resistant crops. 

A single season’s observations may be misleading, as 
the nocturna.1 temperature inversion vanes from ,ye? to 
vear in the same wa thut one season’s weather differs 

to occur, in which low ten1 eratures are accompanied by 

even more, damage than those on the valley floor. 
Temperature inversion also lays an important part 

of the inversion and the amount of wind large y determine 
what the efficienc. of the heaters will be on a given ni ht. 

ten1 erature inversion by keeping t e air a t  different 

tures during the growing season usual1 occur with fittle 
air movement, orchard heating can {e practiced with 
greater success than in districts where low teniperatures 
are often acconipanied by high winds. 

In  most of the orchard clistricts in the Pacific coast 
St.ates, either through lack of knowledge or through dis- 

face of the ground and t E a t  a few hundred feet above the 

from another’s. At T ong intervals “freezes” are likely 

high winds, and crops on t K e hillsides suffer as much, or 

in the protection of crops by orc Yl arc! heatin ; the extent 

a A strong wind wi T 1 prevent the develo ment of a mar ed 

lcve P s thoroughly mixed; in 1oc.alit.ies where low tern era- 

s 
R 

___ - 
1 Sc? Humphmys, W. J.: Frwt Protection. Mo. WEATHER REV., October, 1914, 4 2  

W&& 1. 
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regard of the facts re arding temperature differenkes 

in some of the coldest locations in each section. These 
were generally brou h t  into bearing a t  considerable 
expense before the %scovery was made that low tem- 
peratures caused the loss of the greater portion of the 
crop nearly every year. In  many cases these orchards 
have been cared for year after year, passing from hand 
to hand as each new owner, in turn, discovered that they 
could not be operated except a t  a loss. Most of them are 
now in the process of removal, but they have left a large 
number of people richer in experience and poorer in 
material resources. 

Of course, this applies only to orchards in the most un- 
favorable locations; in many cases orchards on the valley 
floors have been operated with marked success, damage by 
frost eithcr being prevented by artificial means, or the 
amount of Ioss in the long run not being great enough 
to make the business unprofitable. 

between hillside and va 5 ey floor, orchards were planted 

FIG. 1.-Topographic map of the Pomona Valley, Calif., showing loeations of tempera- 
ture survey stations and instrument tower. Contour interval 50 feet. 

Factors other than the relative amount of loss through 
damage by frost, such as availability of water for irriga- 
tion, the character of t.he soil, difficulties in cultivating 
and irrigating stee slopes, must! be taken into considera- 
tion b selecting a P ocation for an orchard; if all available 

slo es in the fruit districts were set to orchards and all the 

fruit would probably fall far short of the present mark. 
There also seems to be considerable basis for the conten- 
tion that citrus fruit grown in districts where frosts 
seldom occur is of a poorer quality than that grown 
where temperatures near the limit of endurance for the 
variet.y are of frequent occurence during the winter. 

orc R ards on the lowlands were removed, the acreage in 

HILLSIDE A N D  VALLEY TEMPERATURES AT POMONA, CALIF. 

During the winter of 1917-18 temperature survev 
stations were established in a line across the northern hdf 
of the Pomona Valley, in Southein California, for the 
purpose of obtaining information re arding local tem- 

shown in fi ure 1. Maximum and 

fruit region instrument shelters'S,2 the instruments at  all 
stations being about 43 feet above t.he ground. A seven- 
day theniio rsph was operated a t  station 1, and 29-hour 

were read daily except at, station 1, which was visited'at 
least once each week, and oftener when practicable. . 

Minimum t.em matures at stations 1, 2, 7, S, and 9, for 

A profile of the valley, showing the 
kcations of the stations and the average minimum 
temperature at  each, is shown in the MONTHLY WEATHER 
REVIEW for August, 1920. The greatest differences in 
minimum temperature during the period from January 6 
t,o February 16, 1918, were! 22.0' F. on February 4 
between stations 1 and 2 (170 feet), 21.5' F. on February 
10 between stations S and 9 (125 feet), and 21.9' F. on 
February 10 between stations 7 and 9 (250 feet). On 
January 1, 191.8, before st.at.ion 1 had been established, 
the minimum temperature a t  station 7 was 24.0' F. 
hi her than the minimum at station 9. 

%wing the 1915-19 frost season stations were estab- 
lished at  intervals of 50 feet, vertical elerat,ion, from the 
summit of San Jose Hill (st,ntion 7, figure 1) down to an 
elevat,ion of 135 feet abort? the lmse st.ation. (See 
figure 2.) From this point t.o the base stations were. 
est.ablished for every 35 feet ' vert'ical elevation. A 
profile of this hillside, showing t:he locdon of each &ation, 
wit.h the average minimum teniperat,ures for the 45 clear 
nights of t.he season, and t.lie actual minimum tenipera- 
t.ures recorded on the night of January 5-6, 1919, is 
shown in the MONTHLY I5 EATI-IER REVIEW for August, 
1930. 

Daily minimum t.emperatures at  all stations on this 
hillside for all clear nights during the 191s-19 frost 
season are given in Table 3. 

The greatest. difference in minimum temperature 
between the base and 275-foot stations was 25.7' F. 
on January 5, w-hile t1i.e greatest difference between the 
base and 325-foot stations was 38.0' F. on January G. 
The minimum temperature at. t,he summit was higher 
t,han the minimum at the 225-foot station on on!y one 
clear night durin t.he season; and on that date It was 
only 0.1' F. higier. The averwe minimum tempera- 
ture for all clear night,s during t%e season was 1.6' F. 
higher at the 235-foot st.at.ion than at  the summit,, and 
the average minimum temperature 150 feet below the 
summit was higher than at the summit. 

perature inversions. The locations o f these stations are 

minimum t a ermometers were exposed a t  each station in 

tliermograpis K a t  stations 7, 8 and 9. Thermometew 

the 29 clear nig R ts of the frost season of 1917-18 are 

(See also figure 2.) 

iven in table 1. 

2 Far a description of this shelter see the Mo. WEATHER REV., December, 1910, 4k 
a Young, F. D.: ERect of topography on temperature distribution in Southern Cali- 

709-710. 

fornia. &lo. WEATHER REV., August, 19211; 48: 462. 
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AS the minimum temperature was y t i c a l l y  never 
reached at all stations simultaneously, t e inversion a t  a 

‘ven hour during the night was often greater or less 
#an the difference between the minimum temperatures. 
Enlarged and cofiected thermograms from stations a t  

the base and on the slope of San Jose Hill, for two 
nights,, with large and .sli ht  temperature inversions, 
respectively, are shown in figures 3 and 4. It will be 
noted that the fall in temperature at the lower stations 
is fairly steady, while there are lar e fluctuations in 
temperature at  the stations on the s 5 ope. Because of 

these rapid changes, which occurred at the higher ete- 
tions on every clear ni ht, the duration of the minimum 

tions than at those on the slope. The minimum tern; 
peratures alone, therefore, do not indicate the amount 
of damage sustained by crops at different elevations on a 
given night. 

Blair noted similar fluctuations in temperature dur- 
ing the night at  stations on the slope of Mount Weather. 

temperature was usu 3 y much longer a t  the base sta- 

4 Blair, W. R.: Five-yesr summary of fm air data; Bull. dlt. Weather Obaermky,  
1913: 6: 122-123. 

Ro. 8.40rrected thermograms from stationa at the base and 25, 50, 225 and 275 feel above the base of the south slope of San 
Jose Hill (see llg;l) on a night with large temperature’inversion. A h e w  of the slope on which these records were obtslned 
is shown in a. -. 

Re. 4.40rrected thermograms from stations at the base and 25 50 and 225 feet above the base of the south slope of San 
Jose.HiU (sea @. 1). on a night with slight temperature invwsida. ’ A view of the slope on &ch these records wcre 
obtcuned IS shown m fig. 2. 
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v loo iwarc o station 7. Statim 8 
i the  he pit . Station 9 is locat'ed 

uuu d t  of tu- Y ~ U ~ ~ . w .  (SO US. 1.) 
FIG. ?.-View from Coker Butte (station 1, fig. 9), lookin westward across the 

valley. The wireless towers can be seen in the badground at the right. 
Stations 6,7, and 8 (fig. 9) lie in a straight l i e  beyond the wireless towers. 

FIG. 8.-Three hundred-foot wireless-tower near Medford, Oreg used 
in ma+ temperature inversion &dim (see fig. 9). Photog&ph by 
J. Wil dhr. 
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h m  an examination of table 2, it  will .be noted that distance between the base stations on either side instru- 
the greater part of the inversion is in the first 50 feet ments were exposed at the base and at elevations of 150 
above the base of the hill; on most nights there was a feet and 300 feet above the ground on a 300-foot wireless 
diiTerence of only a few degrees between the minimum tower,6 (see fig. S ) ,  to measure the tem erature inver- 
temperatures at the 50-foot and 825-foot stations. sion in the free air directly above the v d e y  floor. The 
These and other observations show that on clear, calm locations of all these stations are shown in figure 9. 

FIQ. 5.-Avers e diurnal variatton in  tern erature at 
stations 1 and 2 (flg. 1) for 12 clear days $uring Jan- 
uary and February, 1918. 

Fro. &-Average diurnal variation in tem 

. January and February, 1%. 
statlonsl, 8 and 9 (see . l),  for21 Clearr;%%i 

v 
nights an estremely t,hin stratum of c.old air covers the 
ent.ire valley floor, wit.h much warmer air only 50 t.0 100 
feet above. 

inversion of temperature is 

from the hillside stations do not show the lower niasima 
usually found at hillside st,at.ions. The average masi- 
mum tem eralure for 81 clrm days during the months 

3' F. higher at st.ation S and 3 O  F. higher at station 7, 
than the avernge maximum for the same d&es at. shtion 
9, 350 feet below the summit.. The averagr tliurnnl 
variation in temperature at  hill and valley stat,ions 
during 1915 is shown in fi urea 5 and G. 

often extremely so when the wind is blowing from t.ho 
east or northeast,. Relative 1iurnidities.as low RS 6 per 
cent and dewpoints as low as 3' F. havr hrrn indicatd 
by carefully made sling psychrometcr readings. M7i bh 
little moist.ure in the air t.0 retard noct,urnal radiation, 
the temperature in the valley falls rapidly after t.he sui1 

The closely plant,ed citrus trees, with their 
feavy foliage, offer considernblc ohstruct.ion to surface 
air movement and probably are also somewhat effective 
in lowerin the masinium temperature within the 
orchards t rough eva orat,ion from t,he leaf surfaces. 
The dark foliage' roha ly radiates heat. during t,he night 
a t  a more rapicf rate than would tlie lightw-colored 
ground, with no covering. 

This shar 
to abnorm ap ly low valley temperatures. 

of Decem R er, 1917, January and February, 19lri, is 

The humidit>y is genera T Iy low in the Ponionri Vnlley, 

oes clown. 

g % 

HILLSIDE AND VALLEY TEMPERATURES A T  MEDFORD, ORICG. 

Observations of nocturnal differences in temperature 
between stations a t  the bases and on the slopes of hills in 
the Rogue ,River Valley were carried on during the spring 
frost seasons of 1915 and 1919. During the 1918 season 
stations were established in a line across the valley, from 
the summit of Coker Butte (elevation, 1,650 feet) on the 
east (see fig. 7), to a point on the foothills on the west 
side of t4e valley (elevation 1,450 feet). About half the 

Mininiuni temperatures observed on char ni hts during 

minimum temperatures for the season are entered at each 
station in figure 9. 

the spiing frost season are given in Table 3. A e average 

Ylr -p. 
I l t  

I* h 

r w y .  * 

I 
I .  

I 

mule e nn,. 
FIQ. 9.-Profile of valley near Mrrlford Oreg., sho..ving locations of temperature survey 

stations (see figs. 7 and 8). dlcvations in feet above mean sea level. 

The steepness of the nocturnal temperature gradient 
was slightly greater on the wireless tower than on the 
hillsides on either side of the valley, probably because 
the free air gradients were more newly approximated on 
the tower. 

At Coker Butte, on the east side of tlie valley, the high- 
est minimum temperatures were recorded a t  station 2, 
100 feet below the summit, and a t  station 3, 200 feet 
below the summit, the average minimum temperaturc 
was only 0.6' F. less than at  station 1, on the summit. 

Minimum temperatures a t  stnations 8 and 3, a t  the samo 
elevations but on op osite sides of the valley, were 

150-foot stat,ion on the wireless tower, 40 feet lower, 
averaged 1 degree higher. Minimum temperatures a t  
the 300-foot station on the wireless tower averaged 1.9' F. 
higher than those a t  station 2, on the slope of Coker 
B tte and a t  practically the same altitude. J" At the wireless tower the inversion was generally nearly 
all in the lower 150 feet. The temperature was usually 
higher a t  the base than a t  the 150-foot level until G p. m., 
or even later. Between 7 p. m. and 11 p. m. the tem- 

bThe first temperature ohrvations on this tower were made In 1916 by J. Cecil 
Alter. 

generally very nearly t K e same, but the minimum a t  the 
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perature at the base fell ra  idly, developing a steep 
adient between the base an B 150-foot stations. From 

!$is time until sunrise the temperature at the ground fell' 
more slowly and there was no increase in the steepness of 
the gradient; in fact, the thickness of the layer of cold air 
often increased sufficiently between 11 p. m. and mid- 
night to cause a rapid fall in temperature a t  the 150-foot 
station, reducing the steepness of t.he gradient in the 
lower air. Temporary rises in tem erature often oc- 

versing the gradient between the 150-foot and 300-foot 
stations. 

On the wedern side of the valley nocbumal t,em erature 

c s s  tower, althou h t,he hourly gradients on nights with 

The greatest inversion generally occurred bet,ween 9 
p. m. and 11 m., and there was often n decrease in the 

Tge average diurnal variation in temperature at sta- 
tions 1, 5,  7, and 8, and at  tbe 150-foot and 300-foot 

curred a t  one level and not at  the ot R er, sometimes re- 

adients were not so steep as at the location of t 7 le wire- 

large inversions s fl ow the same general charecterist,ics. 

stee ness of t E' e gradient after this time. 

in tern erature at  Medford and Pomona. The influence 
of the fonger nights at Pomona is evident from the late 
occurrence of the minimum temperature and the earlier 
time of occurrence of the maximum temperature, aa com- 
pared with Medford. 

eatest difference in minimum tern erature ob- 
served r uring the season at  the stations on 8oker Butte, 
at  the east side of the valley, was 8.9' F. in the 175 
feet vertical distance between stations 2 and 4, on April 
28. The difference between the minimum temperatures 
a t  the base and summit stations on this date was 8.2' F. 

The greatest diff erence in minimum temperature during 
the season a t  the wireless tower was 13.4' F. between the 
base and 300-foot stations on April 28. 

On the west side of the valley the greatest inversion 
clurin tlie season was 11.8' F. between stations 6 and 8 

I t  will be noted that the average temperature inversion 
in the Rogue River Valley in spring is much less than the 
average inversion during the winter months in the 
Poniona Valley. 

The 

(190 B eet difference in elevation) on April 19. 

ma. lO.-Avera diurnal variation In ten1 erature at F~o.Il.-Avera ediurnal variation in tern ratureatsts- FIG 12-Average dlurnal variation in tem ature at 
tions at the fase,snd thelY%foot and &foot stations &Ions 5. 7, and 5 (fin. 9) for 24 clear d s y s 8 & g A p r l l  
011 wirelms tower (sea flgs. 8 and 9) for 2.1 clear days and May, 1918. 
during Aprilaud May, 1915. 

stations 1 an& (fig. 9) for 24clear days $iring April 
and May, 1918. 

stations on the wireless tower (see fig, g), for 24 days 
during April and May, 1918, is shown in figures 10, 11, 
and 12. The difference between free air temperatures 
over the valley floor (shown by the records obtained at  
the wireless tower) and those on the hillsides is shown 
graphically. On the east side of t,he valley the afternoon 
temperature is higher at the summit than a t  the valley 
station, while at t,he wireless tower the temperature is 
lower a t  the 300-foot station than a t  the base by almost 
double the adiabatic. rate, from 8 a. m. until noon, the 
period when convection is most active. 

The temperature at  the base of the tower falls below 
the temperature at both the upper stations about G p. m., 
and the temperature a t  tlie 150-fOOt level falls below the 
temperature at the 300-foot level about 7 p. m. 

On the west side of the valley the temperature at 
station 8 falls below that a t  both stmations 6 and 7 about 
1.30 p, m., and the temperature at  the two lower stations 
does not fall below that at  station S again until about 
7 p. m. This is probably clue to the fact that t.he sun's 
rays are almost parallel to the slope c h i n  the early 

slope is shaded from the sun some time before insola- 
tion is cut off from the valley stations. 

A comparison of figures 10, 11, and 12 with figures 
5 and 6 brings out the great difference in diurnal changes 

part of the afternoon and t.hat later the w 5 ole upper 

MAXIMUM TEMPERATURES.  

On clear days the maximum temperature a t  the 300- 
foot elevation on tlie wireless tower was from 3' to Go F. 
lower than a t  the base, but there was seldom mor0 than 
one or two degrees difference between the maxima a t  the 
300-foot level and a t  the 150-foot level. The difference 
in mkuimum temperature in the 150 feet vertical distance 
between stations 7 and 8 varied from 2 O  to 5' F. on clear 
days, and on one day the clifference was 6' F. 

On the east side of the valley the maximum tempera- 
ture a t  station 1, on the summit of Coker Butte, was con- 
sistently hi her than the maximum' at  station 4 a t  the 

at both stations 2 and 3 were the same or hig er than 
those at station 4. This was probably due to the fact 
that st.at.ions 3 and 3 were located on the stee westward- 
facing slope, and station 1 on the summit, of 8 oker Butte. 
The convective currents caused by the rays of the after- 
noon sun, shining almost erpendicularly on the slope, 

at the same elevation over the valley floor. 

R hase of the Y iill, 275 feet below. Alasinium tern eratures 

probably were considerab rp y warmer than the free air 

TIME OF OCCURRENCE OF MINIMUM TEMPERATURE.  

The avera.ge time of occurrence of the minimum tem- 
perature on 20 clear nights during April and May, 1915, 
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1 .............................................................. 
4 ............................................................... 
3oofeetontoWer .............................................. 
150 feet on tower.. ............................................ 
5 (base ~l tower) .............................................. 
8 ........................ : ..................................... 
7 ............................................................... 

a t  most of the hill and valley stations shown in figure 9 
These data were taken from tliermo- ven below. 

grap are f records, which were checked daily. 

Fed. 
1 650 
1'375 
1'560 
1'410 
1'260 
1'450 
1:mo 

Stations. Elevation 
(m. s. 1.). 

A v e w  
time of 

orcnrrellce 
of mini- 

mum tem- 
perature. 

A.m.  
6.27 
5.58 
6. W 
6.45 
5.50 
6. U 
5.3p 

'The minimum tem erature occurred a t  the to of tho 

but there was onl nine minutes' difference between the 
150-foot level anxthe  top (300 feet). At the east side 
of the valley the minimum occurred 29 minutes later a t  
the summit of Coker Butte than at the base, 375 feet 
below. On the west side of the vdley the minimum 
tem erature occurred 52 minutes later a t  station S on 

wireless tower more t Yl an an hour later than a t  t 1 e base, 

the R illside than at station 7, 180 feet lower. 

OBSERVATIONS DURING 1919 SEASON. 

During the 1919 season a station was established on 
the summit, and two stations at the base of another hill 
in the Rogue River Valley, about five miles south of the 
wireless tower, where the 1918 observations were oh- 
tained. A profile of this hill, 
showing the locations of the stations, is shown in figure 
15. Mmimum temperatures registered on clear nights 
during the spring frost season are shown in Table 4. 

(See figs. 13 and 14.) 

-#hh- 

FIG. 15.-Pruille of hill near Medlord, Oreg. showin locations of temperature survey 
stations (see Bgs. 13 and 14). Elevations in feet above mean sea level. 

Minimum temperatures on clear ni hts avera ed only 

is in marked contrast to tlie temperature inversions 
observed at Pomona, where the average difference in 
225 feet vertical elevation was 16.9' F. 

The greatest difference between minimum temperatures 
at  stations 1 and 2 during the season:was 6.9' F., as 
against a maximum difference of 28' F. in 225 feet ver- 
tical elevation on San Jose Hill at Poniona. 

The average difference in minimum temperature be- 
tween the base station and station 3, 165 feet below the 
summit.of the hill, was 4.1' F., only 0.2' F. less than 
the average difference in the 200 feet between stations 
2 and 4. The greatest difference in minimum tempera- 
ture on the hillside during the season was 7.1' F. between 
stations 1 and 3, on May 7. On this night the minimum 

about 4' F. higher at the to of the hi 9 1 than a t  5 t e base, 
the difference in elevation 1 eing about 200 feet. This 

temperature at  the summit was 0.7' F. lower than the 
minimum a t  station 3, 165 feet below, on the hillside. 
While the average minimum a t  station 3 was not higher 
than the average minimum a t  station 2, on the summit, 
a station 50 feet or less below the summit probably would 
have shown a higher average minimum temperature on 
clear nights than the summit station. 

In the three different locations where minimum tem- 
eratures were obtained on the slopes and tops of isolated 

Kills or ridges risiii from the valley floor the observations 

is found below the summit of the hill, on the steep slope. 
(See fig. 9 nncl Table 2.) 

This is probabl due to a freer interchange between the 

than on the hilltop. On calm nights the air cooled 
through contact with a well-rounded hilltop probably 
does not drain away t.0 lower levels until its density has 
become considerabl greater than the density of the free 
air at  the same lever The greater the area of the hilltop 
and the more gradual the slope near the highest point, the 
greater will be the depression of the tem erature of the 

tion, provided the air is calm. 

inclicate that t.he E ighest average minimum temperature 

surface air and t K e free air over the valley on the slope 

. .  
surface air below that of the free air at t E e same eleva- 

about sunset on a clear, calni 7 c ay the air for a consider- 

temperature with e i evation of about 1' F. per 188 feet. 

below that of t fl e air a t  higier P 

surface air during the night depends on t. R e rate at which 

both at  B omona and M'eclford, on c P ear, calm ni hts when 

FACTORS \V HICII D E T E R M I N E  AMOUNT OF INVERSION.  

It- was meiit,ioned at the be inning of this papcr that 

able dist.ance above the ground has nearly the tempera- 
ture clue to a c.onii1et.e mising; that is, a decrease in 

Since local nocturnal temperature inverdons are caused 
by the lowerin of the tern erature of the surface air 

temperature of the ltir a t  higher levels being raised above 
the temperature of the surface aid, it  follows that, other 
conditions being thc same, the greater the fall in tempera- 
ture near tlie ground the greater will be the temperature 
inversion. The amount of fall in tem erature in the 

the ground cools by radiation, which in turn depends on 
the temperature of the ground and t,he absolute humidity. 

reatest inversions in tem erature were found, 

tlie dewpoint was low, following warm days. he small- 
est, inversions on clear nights occurred when the dewpoint 
was high, and following days when the masimum tem- 
perature was relatively low. The wind was seldom 
strong enough on clear nights at  either place to have 
much effect on the amount of inversion. 

eatest inversions occur following clear, still 
days, with g g h  maximum temperature, the minimum 
temperatures on the valley floor on such nights are 

. The most severe 

the inversion is 

ture inversion on a given night, and the maiuimum tem- 
erature of the preceding day, at Poniona, is shown in 

ggure 16. Other factors influencing the amount of 
inversion, such as the amount of wind, cloudiness during 
a portion of the night, and the absolute humidity, are not 
represented in these graphs. 

elevations5 (not by the 

The 

i! 

Since the 

cold, windy, and 

b H. J. Cox in "Thermal Belts and Inversions of Temperature in the North Carolina 
Mountain R&?ion2s (lo. WFATRER REV December, 1919: 47:S7WW), statss that 
when inversions were noted under cyclonichonditions. the tem rature rose more ra 
Idly at the summit than at the base thus increasing the inversg .  On the lower h& 
of the Pacifie c e s t  the ap roach of; c onic area usually prevents the development 
of temperature inversions &rough clou&w.and wind. 
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,SI. h"., .R *,-.. maximum difference was 3.7' on February 10. As the 
upper station was only slightly above the to s of the 

the 'lowest fruit on the trees, minimum temperatures at  
the two levels indicate quite accurately the lowest air 
temperatures to which the fruit at  the two elevations was 
subjected. The outside fruit near the top of the tree is 
less sheltered from the sky than the fruit lower down, 
and the higher rate of radiation probably offsets, to some 
estent, the advantage of a higher air temperature. 

Differences . between temperature conditions at  the 
two elevations on individual nights are usually not 
adequately shown by the minimum temperatures alone. 
Fluctuations in temperature of 4' or more were common 
a t  the upper station, without corresponding changes at  
the lower station (see fig. 17). At times during the 
night differences as great as 7' in the 10.5 feet between 

During the 1918-19 seasoti? records were obtained on 

mum thermometers were installed a t  elevations of 2, 5, 9, 
12, niid 15 feet ahovo the ground. Wide, thin hoards, 
plac,ed directly over each instrument, were used to provide 
shelter from thesky and to protect them from dew and frost. 

....-.. 
trees 6nd the lower station was a t  about the R eight of 

Lrnw-t.%vi-.~.- ::OLY- m..',~:;- hy- , .< , ,~- , -s  .,? ,:w ~~d -725-fmi 5fufr.w-F 
* - h # P m  h.nyratL#m dp-&f,,?!, ,+r -F 

I , 1 1 the two stations were recorded. 
I I I I -2- 

Fm IS.-Rdation of the amount of tem mature inversion between the base and 225- 
f&tBbtiom on the slay of Ban Jose &ill, near Pornona, Calif. (see as. 1 and Z) ,  to 

case lack of mant betweep the trend of tL data on ind!vidual dates is Jreetly 

a sinlilar tower at practically the same location- 
the maximum tempera w e  ofthe previous da at the basestation. In near1 every 

tr&ble to mnfluence of mnd, clouds, or valley fog during the nlght. 

inversion to be ex ected on the fol- 

made as soon as the mLuimum 
temperature has occurred. The '' 
relation between the amount of '* 
temperature inversion and the c 
daily ran e in temperature is still ,, 

The evening weather map pre- 
ceding nights with lar e tempers 

tically always shows a stagnant 4 

conchtion, with slight pressure ,, 
gradients. When the Arizona LOW ,, 
is weak, or entirely absent, a large 
temperature inversion will pracbi- 
cally always occur, rovided the '' 

the ni ht. This may take place a+ 

when t a ere is no well-defined HIGH ,I 
on the coast, but in this case t.here 
is no danger of frost. The great- 
est inversions usually occur when ' 
there is a large, weak HIGH central 
over northern California and south- I 

ern Oregon, with no de ression 

intensity . 

A fairly accurate forecast of the amount of temperature 

lowing night a t  8 oniona, may be 

more mar a ed.. 

ture inversions :at Me % ford, prac- 

,, 

1' 

sky is clear during a1 Y or a part of u 

iu an orange grove near Pomona, Calif., for the uight of bebruary 9-10, 1918. 
Over Arizona, 01 One Of On r y Slight FIG. 17.4orreeted thermograms from stations 4.5 feet (solid line) and 15 feet dotted line) above the ground on a tower 

TEMPERATURE INVERSIONS NEAR THE VALLEY FLOOR. 

Observations on the hillsides at  Pomona indicated 
that the stratum of cold air near the ground on frosty 
ni hts was extremely thin. In  order to obtain additional 
dormation to the depth of this cold air near the 
ground, minimum thernlometers and 29-ho~r therm+ 
graphs were installed durin the 1917-18 frost season, 

15-foot tower in an orange grove near the lowest portion 
of the valley. The ground within radius of 1,000 feet 
from the tower was practically level, and the nearest During February, 1919, the Poniona Frost Protective 
stee slope was about a mile distant. Association furnished funds for the erection of two 

&imum temperatures registered on this tower on 1-1 towers, 30 and 40 feet high, respectively, for a study of 
clear nights dunng the season are shown in Table 5. orchard heating. Tlierniometers and 29-hour thermo- 
"he average difference between mininium temperatures graphs were laced in small shelters on both towers at  
at the two stations on these nights was 1.6' F. The 5-fOOt intervflFJ, from 5 feet above the ground to the tops 

On 13 clear nights during January and February, 
1919, the minimum temperature at  the 15-foot elevation 
averaged 3-40 F. higher thall the minimum at t,he 2-foot 
station. Differences on incliviclud liightss were as high as 
(3.5" F. Daily nlillimum temperatures for dl elevations 
are given in Table 6. The duration of tile minimum tern- 
perature near the tops of the trees was practically always 
much shorter than near t,he ground. 

TEMPERATURE INVERSION ON 40-FOOT TOWER. 
at  elevations of 4+ and 15 P eet above the ground on a 



x 

M. W. R., Marc!1..1921. 
face 
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of the towers. The 40-foot tower was located in an 
orchard which was e uipped with orchard heaters. Both 
towers were locate% on gently slopin ground, about 
half way between the base of the foot& and the lowest 
part of the valley (see fi . 1). Minimum temperatures at  

nighta in February, 1919, and 39 clear nights furin the 
1919-20 frost season, are given in Table 7. The ckfer- 
ence in minimum temperature between the base and top 
of this tower was affected on a few nights by firing, but 
the records on the 30-foot check tower, around which no 
orchard heaters were burned, show that the influence of 
these brief periods of firing was slight and may be 
disregarded. 

various elevations on t f e 40-foot tower durin 13 clew 

from &foot and 40-foot levels on a tower in an orange R'.-t-o(j';rams &?me near Pomona Cali during the night of December 29-30,1919. The tempera- 
tun hversion on As nldt was above the average. 

The average difference in minimum temperature in the 
35 feet between the &foot station and to of the tower 

the 6-foot station to the 40-foot station, was quite 
uniform. 

was 8.4' F.; sli htly more than 1' for eac g 5 feet. The 
average rate o B increase in minimum temperature from 

Fro 19 -Corrected therm ms from Hoot and &foot levels on a tower in an wmge 
+near Pomona CaUyduring the nlght of January 57,1820. The temperature 
aversion on this night &s MOW the average. 

The greatest difference in minimum temperature was 
The masi- 15' F., on the mornin of January 18, 1920. 

mum temperature of t B e preceding day was 85.4' F. 

Corrected thermograms registered at the 5-fOOt and 
40-foot stations on two nights, with large and small tem- 
perature inversions, respectively, me shown in Sgures 
18 and 19. 

OBSERVATIONS ON TOWERS AT YEDFORD. 

In  April, 1919, two 35-foot wooden towers were 
erected in pear orchards near Medford, Oreg., for use in 
the continuation of the orchard-heating investigations 
begun a t  Pomona (see fig. 20). These towers were 
located on gently slo ing ground, near the lowest part of 
the upper valley. Ifmimum thermometers and 29-hour 
thermographs were installed in small shelters on these 
towers at elevations of 5, 15, 25, and 35 feet above the 
ground. Dail minimum temperatures at stations on 

nights during the 1919 and 1920 frost seasons, are given 
in Table 8. 

The avera e difference in minimum tern erature be- 
tween the 5- oot and %-foot stations was 4.2 F., slightly 
more than half t.he difference between the same stations 
on the Pomona tower. At Pomona differences between 
stations were quite uniform; a t  Medford the differences 
in minimum temperature between succeeding stations 
decreased from the base to the top of the tower. On 
several dear nights the minimum at the 35-foot level 
was lower than the minimum at the 25-foot level. The 
greatest difference in niininium temperature between the 
5-foot and 35-fOOt stations at Medford was 6.8' F. The 

eatest difference between the same stations on tho F omona tower was 12' F. 

the tower in t ir e orchard which was not 6red, for all clear 

fg B .  

CONCLUSION. 

The average nocturnal temperature inversion .on clear 
nights at Pomona during the winter months, is about 
double that a t  Medford rn spring, probably on account 
of the lower humidity and greater daily range in tem- 
perature a t  Pomona. At both places the stratum of 
cold air over the valley floor on frosty nights is extremely 
thin. 

reatest inversions occur a t  both Pomona and 
Yedforf following warm days, and as a general rule the 
minimum temperature in the coldest section in the valley 
is not low enough to cause damage on such nights. On 
nights when extremely low temperatures are recorded on 
the lower ground, there is likely to be some damage on 
the hillsides, since on the coldest nights the temperature 
inversion is usually slight. 

Observations on the 300-foot wheless tower, located on 
the valley floor near Medford, about equidistant from the 
foothills on eit,her side, show that the minimum tern era- 

than a t  the base. This represents the length of time after 
sunrise re uired to overcome the inversion and bring the 

into adiabatic equilibrium. 
A comparison between the tem erature differences on 

valley at  Medford indicates that during the ni h t  the hill- 

ture of tfie free air at the same levels, as would be ex- 
pected. 

The 

ture occurs more than an hour later a t  the 150-foot ! eve1 

stratum o 9 air below the 150-foot station approximately 

the wireless tower and on the hdsi  i; es on either side of the 

side tern eratures are somewhat lower than t % e tempera- 

The differences, however, are slight. 
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TABLE l.-Mii&iinum tcinpppratzcres on clear nights during winter of 1917-15 at hill and Val1 ey etalwns war P o n ~ ~ m .  Caly . 

[Statim numbers and elevations (m . s . 1.); see fig . 1.1 

19 is. 
J g n . 6  ............. 

10 ............. 
11 ............. 
12 ............. 
14 ............. 
17 ............. 
18 ............. 
P ............. 
!a ............. 
pa ............ 
23 ............. 
24 ............. 
a? ............. 
28 ............. 
29 ............. 
a0 ............. 
31 ............. 

. 
34.7 
35.0 
27.5 
a n 4  
34.6 
36.5 
35.8 
33.4 
27.1 
25.8 
24.5 
34.G 
36.4 
%.5 
47.5 
36.3 
33.0 

88.8 

41.0 
a . 1  
43.0 
41.0 

48.0 
49.9 
420 
42.2 
41.4 

M 7  

36.2 

a 9  

+126 

+129 
+ E 3  
+13.0 
+10.4 

+11.2 
+21.9 
+17.5 
+9.3 
+14.4 

+ l Z R  

+iaa 

+iao 

4 2 0  
45.0 
49.0 
54.0 
51.0 
44.8 
46.0 
49.0 
55.5 
51.0 
44.0 
45.0 

6 . 0  

+I42 
+16.4 
+17.7 
+a2.0 
+l i .3  
+11.1 
+la0 
+13.7 
+21.5 
+ X 3  + 7.0 
+16.8 

+u.i 

26.2 
26.0 
m.1 
28.8 
30.0 
30.6 
32.9 
26.8 
as0 
%.5 
3P9 
27.n 

38.7 
35." 
39.0 
43.0 
39.1 
38.1 
41.3 
41.6 
49.8 
36.9 
41.8 
42.0 

43.6 
40.9 
36.1 
36.9 
43.5 
43.7 
40.0 
36.8 
32.1 
36.0 
ao.? 
36.1 
37 . 3 
44.0 
35.8 
26.9 
27.8 
26.1 
27.0 
31.0 
41.7 
42.9 
33.3 
35.0 
39.2 
36.1 
38.2 
34." 
38.5 
41.0 
43.1 
U . 1  
42.0 
36.1 
43.1 
42.7 
34.3 
34.3 
34.4 
35.5 
37 . 4 
388 
43.1 
33.1 
35.0 

+14.6 + 9.9 + 7.2 + 7.9 
+13.4 
+14.3 
+ Y . ?  + 9.0 + 6.9 
+ E O  + s 3 
+14.6 
+1.1. 2 
+19.3 
+11.5 + 7.0 + 6.0 + a.3 + 7 . 1 
+10.0 
+1G.6 
+l6.9 
+le? 
+ E 8  
+I7.2 
+ 5 4  
+13.7 + n o  
+17.0 
+12.5 
+11.2 
+10.3 
+1%9 
+10.8 
+17.4 
+156 + 7.0 + 8.2 
+ L 4  
f S . 1  + 9.2 + 7.7 
+13.6 
+ L 3  + 9.0 

1918 . 
D ec. 3 ............................ 
4 .................................. 
10 ................................. 
13 ................................. 
14 ................................. 
15 ................................. 
1G ................................. 
17 ................................. 
23 ................................ I 
24 ................................. 
25 ................................. 
26 ................................. 
27 ................................. 
28 ................................. 
29 ................................. 
30 ................................. 
31 ................................. 
Jan . 1 ............................. 
2 .................................. 
3 .................................. 
4 .................................. 
5 .................................. 
6 .................................. 
7 .................................. 
8 .................................. 
12 ................................. 
13 ................................. 
14 ................................. 
15 ................................. 
18 ................................. aa ................................. 
23 ................................. 
21 ................................. 
2a ................................. 
37 ................................. 
!& ................................ 
Feb . 3 ............................. 
4 .................................. 
12 ................................. 
13 ................................. 
I4 ................................. 
15 ................................. 
16 .................................. 
18 .................. : .............. 
19 ................................. 

Ave.age ..................... 

2 
Date . j (1 ao 

fekt) . 
1 

(1.400 
feet) . 

Depar- 
ture . 

9 (a 
Ieetj . 

8 
(950 

feet) . 
Depar 
ture . 

7 
(1.075 
Ieet) . Depar- / j  Date . ture . 

It 

Depar . 
ture . 

ll .. I- . -I- -I- I 
+10.4 1 +11.1 

+11.3 
+11.1 

+12.G 
+11.3 
+12.1 
+15.2 
+11.1 
+17.7 
+17.G 

+11.7 
+11.1 + 7.3 

+ a 4  

+ 8.0 

+ 7.9 1 

27.8 
28.6 
31.3 
32.0 
33.7 
33.7 
34.0 
35.3 
34.0 
29.7 
37.0 
2.3.2 

31 . c 

1918 . 
Feb . 1 ............. 

3 ............. 
4- ............ 
5 ............. 
6 ............. 
8 ............. * ............ 

10 ............ 
11 ............. 
I4 ............ 
16 ............ 
Average .... 

9 ... ............ 51.0 
40.0 
43.0 
42.5 
43.0 
63.0 
51.0 
41.7 
42.0 
40.8 
45.5 
52.0 
41.0 
43.0 
44.0 
4u . i 
43.0 
- 

+16.3 + 5.0 
+15.5 
+u .1  

+'3.5 
+15.3 + 8.3 
+14.9 
+15.0 
+a1 . 0 
+17.4 + 4.6 + 14.5 
+I6 . 5 + 4.4 
+IO . 0 

+ a 4  

- 

30.0 
28 . 8 
25.0 
25.1 
31 . 8 
32.2 
3 2  9 
25.0 
23.8 
23.0 
23.1 
29.8 
31.0 
21.3 
44.8 
33.7 
32.1 
- 

3% 6 
33.0 
327  
31 . s 
39.0 
43.8 
43 .a 
35.0 
33.1 
39.0 
43.7 
37.0 
34.0 
33.0 
41.0 
40.0 

35  o 

- 

+ S.6 
+10 . 2 + 7.7 + 9.7 + 7.2 
+ll.6 
+IO . 3 
+13.0 
+Il.2 
+IO . 1 
+15.9 
+13.9 + 6.0 + 9.7 

-k 7.3 + 7.9 

+ a 2  

41.1 
39.2 
36.3 
36.2 
40 . 2 
44 . 8 
44.2 
37.1 
39.0 
34.1 
40.8 
47.4 
39.0 
30.0 
35.9 
41.0 
40.0 

+12 . 5 + 9.2 

+I82 + 0.1 + 7.5 

+14 8 
+a1 . s 
+ l a 4  

+l5.0 

+ l a 9  

+ a 4  

+ a9 

+lab  aWl 39.0 

I 

TABLE 2.--:Uinintuni tenipernlurrs on ckar n.yhfn on south slope of Sun Jose Hil l .  i i c w  Polnwa. (?til$ 

[Stations (elevation above bare station).] 
~~ 

Date . I Base . 25 feet . 50 Ieet . 75 Irct . 100 Ieet . 1 8  feet . 175 Ieet . 225 feet . a75 feet . 
. 

+4.1 
+4.5 
+3.0 
+2.5 
+3.9 
+3.6 
+4.0 
+3.0 
+2.9 
+4.7 
+1 . 2 
+3.0 + 5. G 
+5.1 
+2.9 
+2.1 
-0.6 
+ I  . 2 
+1 . 4 
+3.0 + 5. 4 
+7.0 
+3.9 
+3.4 
+5.5 
+3.3 
+3.5 
+3.9 
+5.7 
+3.6 
+8.2 
+L 3 
+3.9 
+3.7 
+5.0 +s . 8 
+2 . 4 
+3.0 
+1 . 4 
+2 . 1 
+2.9 

+3 . " 
+2.3 
+2.0 

+3.5 

+2 . ,8 

. 

+16.9 + 10 . G + 7.1 + 7.1 
+Id . 7 + 18.4 + 9.8 + 9.5 + 6.b: 
+10 . 1 + 8.3 + 15.3 + 13.9 
+I9.3 
+IO . 4 + 6.2 + 4.9 + 5.3 + 7.1 
+11.1 
+I6 . 9 
+16.5 
+ I 5 8  
+15.1 
+ l a 0  + 9.1 
+15.1 
+l3 . 6 
+17.5 
+11.1 
+IO . 9 
+11.2 
+14.9 + 9.9 
+16 . 2 
+17.9 + 0.3 + 7.1 + 4.2 + 7.1 

+ 6.5 
+11.7 + 4.2 

+11.3 

+ 5 9  

+ ao 

. 

+15.0 
+16.1 + 8.Ij + 7.2 
+l2  . 9 
+15.1 
+10 . 1 + 10.5 + 8.0 
+11.2 + 9.2 
+15.3 
+ l G  . 7 
+21.1 
+11.0 + 5 2  + 7.7 + 6.3 + a 7  
+ E 9  + 17.6 
fl6.7 
fl9.7 
+18.8 
+la 0 
+11.2 
+I5 . 2 
+14.6 +m . 4 
+13.3 
f12.2 
+I89  
f15.7 
fl.l.1 
+lS . 0 
+?(I . 7 + 7.6 + 7.9 + 6.3 + 9.0 + 10.3 + 6.9 + 12.6 + 5.6 
+10.0 

+lP 7 

. 

+?I . a +a . 2 
+11.3 
+10.0 
+17.9 
+17.7 
+12.5 
+11.1 + 8.9 
+13.9 
+13.0 
+17 . U 
+I9 . 2 
+% . 5 
+13.8 
+12.6 + 9.6 

+11.1 
+14.5 
+2? . 9 
+ a 0  
+=.9 
+21.7 

+12 . A  
+21.5 

+22.5 
+11 . 1 
+15.0 
+19.7 
+18.G 

+19 . . 
+23.7 + 10.3 + 9.9 + 7.2 
+10.3 
+12.1 

+13.4 + 7.1 
+10.7 

+I55 

+ a 2  

+24 . 5 

+19 . a 

+l2 . r;' 

+ a i  

. 

+23 . 0 
+n . G 
+12.1 + 10 . 0 

+IS . + 13.0 
+12.7 + 8.9 
+14.7 +n.s 
+18 . 7 
+21.0 
+25.2 
+13.S 
+13.2 + 9.5 + 5 4  
+11.3 
+ I 5 5  
+23 . 7 
+9.0 
+%9 
+B . 8 +a . 2 
+1'.7 
+21.9 
+m . 7 
+2? . 5 
+17.3 
+IS . 0 
+20 . 1 
+19.0 
+13.7 
+21 . 0 
+24 . 0 + 9.7 
+10 . 4 

+1O.G 
f12.6 + 9.4 
+13.3 + 7.5 
+11.1 

+16.4 

+la:  

+ ao 

- 

. 

+3.0 +a . 2 + 13.3 
+ E O  
+17.9 
+ I 5 9  
+13.1 
+13.1 + 9.9 
+14.9 
+14.2 + 19.4 
+ a 2  
+ 3 . 4  
+13.9 
+13.3 
+10.3 + 9.3 
+11.8 
+18.8 +a . 0 
+% . 1 
+ a 0  
+% . 8 + 26. 1 
+13.4 
+E . 0 

+21.4 

+17.4 
+ a 5  +m . 3 
+15.7 +a . 0 
+?A . 9 + 10.5 
+11.0 + 5 5  
+11.4 
+13.7 + 9.9 
+13.2 

+12.0 

+16.9 

+m . 8 

+ia 5 

+ ao 

- 

.. 

+l9.5 
+21.2 
+ a 1  

+ 17.9 
+16.6 
+11.2 
+13.2 

+13.9 
+13.4 
+17.6 

+a1 . 2  
+13.8 
+ a 0  

+ 9.3 
+ l a 7  

+ a 9  
+ a 9  
+a9 
+2l . 5  
+=7 
+l2 9 
+ a 1  +m . 7 +la 8 
+i 8 a 
+17.2 
+19.3 
+lag 
+13.7 
+19.3 
+ a 9  + 7.4 
+10.7 + 7.9 + 9.4 
+11.1 + 9.8 
+13.1 + 6.4 +ia 7 

+u.3 

+ l a 5  

+ a 3  

+iao 

+ a 4  

+la 2 

- 

32.0 
31.0 
28.9 
29.0 
30 . 1 
2Y . 4 
30.8 
27 . S 
8 . 2  
21.0 
21.9 
21.5 
24 . 1 
24.7 
24.3 
19.9 
21.8 
19.8 
19.9 
21.0 
2s . 1 
26.0 
21 . 1 
22.2 
2 . 0  
27.7 
21.9 
21.2 
21.5 
2 s  5 
31.9 
2Y . 8 
28 . 1 
25.3 
28.0 
24.1 
27.3 
26.1 
29.0 
27.7 
29.2 
31 . 1 
9 . 5  
27.8 
26 . 0 

a . 9 

36.1 
35.5 
31.9 
31.5 
31.0 
33.0 
31.8 
30 . B 
28.1 
28.7 
23 . 1 
3 . 5  
1 . 7  
29.8 
27.2 
22.0 
21.2 
21.0 
21.3 
24.0 
30.5 
33.0 
25.0 
25.6 
27.5 
31.0 
23.4 
25.1 
2 i  . 2 
32.1 
35.1 
34.1 
32.0 
3.0 
31.0 
32.9 
29.7 
3 . 1  
30.4 
9 . 8  
31 . 1 
33.9 
32.7 
30.1 
28.0 

29.4 

48 . 9 
41.6 
36 . 0 
30.1 
43.8 
$2.8 
40.6 
37.3 
31.8 
34.1 
30.2 
36.8 
38.0 
41 . 0 
34.7 
26.1 

a . 1 
27.0 
32.1 
42.0 
4 . 5  
36.9 
37.3 
40.0 
36.8 
MO 
34 . 8 
39.0 
41.6 
42.8 
41.0 
8 . 0  
35.2 
42.2 
42.0 
33.6 
33.2 
33.2 
34.8 
37.1 
37.6 
41.2 
32.0 
34.0 

37.2 

2a . 7 

47.0 
47.1 
37.5 
36.2 
43.0 
44.5 
40.9 

33.2 
35.2 
31.1 
36.8 
40.8 
45 . S 
3s . 3 

29.5 
26.1 

33.9 
4 2  7 
42.7 
40.8 
41.0 
40.0 

40.1 
35.8 
41.9 
41.8 
44.1 
45.7 
4 . 8  
36.4 
44.0 
44.8 
34.9 
34.0 
35.3 
36.7 
38.5 
3s . 0 
42.1 
33.4 
36.0 

3 a 6 

3a a 

2 5  1 

za 6 

3a 9 

53.2 
51.2 
40.2 
39.0 
4s 0 
47 . 1 
43.3 
3 s. 9 
34.1 
37.9 
34.9 

4 s. I 
3 5 1  
32.5 
31.4 

31.0 
35.5 

45.0 
43.9 
46.5 
40 . 0 
46.4 
41.0 
44.0 
44.6 
a . 9 
49.5 
46.7 
37.3 
-15.2 
47 . s 
37 .I 

.% . " 
38.0 
40.3 
39.6 
42.9 
34.9 
36.7 

41.4 

3 5  5 
43.2 

2 8  0 

4a o 
4 a o 

36.2 

.55. 0 
57 . G 
41.0 
39.0 
4% 5 
47.6 
$3 . 8 
40.4 
34 . 1 
3s . 7 
35 . 8 
40.2 
-15.1 
49.9 
38.1 
33 . 1 
31.3 
2 8 2  
31.2 
36.5 
4&8 
49.0 
47 . 0 
45.0 
47.2 

46.8 
41 . Y 
44.0 
45.8 
4Y . 9 
49.9 
47.1 
39.0 
47.0 
48.1 
37.0 
36.5 
37 . 0 
38.3 

40 . 5 
4% 8 
35.3 
37.1 

42.3 

40.4 

.lu . e 

- 

55 . a 
1 . 2  
42.2 
41.0 
48.0 
4a3 
43.9 
40 . g 
35.1 
3s . 9 
35.1 
40 . fl 
44.3 
51.1 
38.2 
33.2 
32.1 
-3.1 
31.7 
39.8 
49.1 
50.1 
49.1 
47.0 
48.1 
41.1 
46.9 
42.0 
45.9 
47.0 
49.3 
50.3 

41.0 
50.0 
49.0 
37.8 
37.1 
37.5 
39.1 
41.9 
41.0 
42.7 
35.8 

42.8 

4a 4 

3a o 

- 

51.5 
52.2 
40.0 
39.5 
48.0 
46.0 
42.0 
41.0 
ai . 5 
37.9 
35.3 
39.1 
42.1 
45.9 
38.1 
30.9 
30.2 
29.1 
30.6 
39 . 2 

49.9 
45.0 
43.7 
47.7 
40.6 
ffi0 
41.9 
40.3 
44.8 
49.1 
49.1 . 47.0 
39.0 
45.3 

34.7 
36.8 
36.9 
37.1 
39.3 
40.9 
42.6 
34.2 
36.7 

41.2 

4a o 

4 8  o 

37.2 I +11.3 
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TABLE 3.--Mdfmd, Oreg., minimum tcmperaturcs und temperature invnsiom on clmt nigh& at atations ahmn in fig. 9. 

38.4 

37.0 
43.1 
44.1 
46.1 
39.0 
36.4 
34.2 
38.0 
39.9 
43.4 
39.8 
40.1 
49.0 
47.9 
41.9 
37.5 

33.0 
31.0 

141 

.............. .............. .............. .............. .............. .............. .............. .............. 
+1.4 

+4.2 
+ 2 4  
+6.7 
+BO 
+3.9 
+1.4 
++I 
4-7.7 
+7.8 
++e 
+ c 3  
-1.1 
+3.9 
+Le 
+3.7 
+3.2 

+as 
+as 

8t8tIanS. 

Apr. 1 ............................. 
2.. ........................... 
3- ............................ 
4. ............................ 
5-. ........................... 
6.. ........................... 

. .  10 ............................. 
11 ............................. 
la ............................. u.. ........................... 
16. ............................ 
18 ............................. 
10 ............................. 
20.. ........................... 
21. ....................... .1... 
22.. ........................... 
23. ............................ as.. ........................... 
27.. ........................... 

' 2 8  ............................. 
29.. ........................... 
90. ............................ 

.May 1. ............... -:. .......... 
2. ............................ 
3 ................. i ........... 
4.. ........................... 
6.. ........................... 
6.. ........................... 
7.. ........................... 

11 ...................... I ...... 
12.. ........................... 
13.. ........................... 

Avwage. .................... 

Base 
wire- 
leas. 

33.3. 
~ 5 . 0 .  
2 L 2 . .  
a+o. 
30.2 
36.1 

37.1. 
32.7 

3 s ~  
3 a 3  
ai. 
329 
86.9 
37.0 
40.1 
329 
323 
28.1 

34.0 
36.7 
35.0 
35.9 
41.1 

36.0 
320 
32.2 
34.0 
33.3 

29.1 

a a 7  

€60 feat. 

- a 3  

+1.6 
+ L O  
+1.8 
+LO 
+a1 

+i.e 

+a9 

+as -ai +as 
+ 2 9  
+29 
+29 
+3.3 
+ 2 5  
+1.9 
+ 2 3  

+ L O  
+LO 
+3.7 
+3.2 
+3.1 

+ 2 6  
+26 
+PO 
+ 2 3  
+1.3 

+a2 

+28 

aao feet. 

....... ....... ....... ....... ....... ....... ....... ....... .-._-._ --..-.. ....... 
+4.7 
+3.3 +e. 7 
+e. 9 
+4.6 
+a. 0 
+e. 6 
+7.8 

+5. 2 
+4.9 +a S 
+4.5 
+7.6 
+a 8 
+4.7 +a 1 
+5.0 
+3.4 
+1. 3 
+5.9 

+3.8 

+as 

6. 

4al 
322  
3a6 
30.0 
35.1 
!&.l 
33.1 
37.1 
33.9 
43.0 
43.0 
47.4 
43.0 
37.0 
37.0 
36.2 
41.0 
42.9 
35.0 

7. 

+4.7 
+1.2 
+LO 
+21 
+LO 
+ 2 3  
+ 2 5  
+4.1 
+ t o  
+5.1 
+La 
+B4 
+5.l 
+4.3 
+ L O  
+a2 
+6.9 
+e.4 
+4.2 

8. 

5 ........................................... 
6 ........................................... 

10 ........................................... 
11 ........................................... 
12 ........................................... 
13 ........................................... 
14 ........................................... 
16 ........................................... 
17 ........................................... 
19 ........................................... 
Average .................................... 

31.0 
320 
28.2 
!ah7 
38.0 
36.9 
33.6 
27s 
!&8 
!&7 

a . 6  

33.2 

3 1  9 
34.0 

27. 9 
a 1  
38.5 
36.0 
30.1 
20.0 
28.1 

+a a 
+ a 7  
+!A 0 

+2P 
+l. 1 
+L6 
+l. 4 
+1 a +a 2 
+a 4 

1919. 
I.n.12 ............ 

la ............ 
14 ............ 
15 ............ 
18 ............ a ............ 
23 ............ 
11 ............ 

- 
20.0 
26.2 
a 2  
l a 2  
! a 8  
325 
31.1 
2x6 

30.0 
28.0 
23.9 
aao 
34.1 
34.9 
30.7 

31.1 

+1.0 30.4 
+l.8 a0 
+1.7 76.0 
+3.8 a 9  

+1.6 35.5 
+%E 35.6 
+a2 32.9 

+a2 32.0 

+LA 
+a7 
+LO 
+ i . ~  

+a0 
27.6 +i.s 20.0 +a7 
a0 + t l  30.0 +3.1 
29.4 ++a 31.7 +e.5 
28.8. + a 3  59.7 + ~ 7  
a10 +t9 31.0 +a9 

3. 2. I 1. -- I 

1 

- 
+ 2 6  
+'BO .+ 4.3 + ILO + 4.1 

+ 4 6  + 1.6 + 1.0 

+ IS 
+1L8 + 9.9 + 9.7 

+ 6.7 

+U1 
+uLs 
+ 7.7 

+no + 19 + 7.1 + 6.0 + 7.6 + 7.9 + 6.0 

+ 3.6 

- ai 
+ 7.a 

+ a8 

+ aa 

+ ao 
+as 

+ a1 + a 7  

+ 6.7 - 

- 
36.i a a . ,110 
!a4 
33.a 
a 8 7  
B(L.4 
a 8 6  
8Bo 

ap1 

44.8 
44.0 
43.6 
362  

.37.0 
34.0 
37.0 
39.8 
u 4  
39.0 
u o  
48.0 
a 7  
40.6 
36.3 
31L8 
,366 
38.0 
43.1 
44.0 

880 

.ma 
m. 2 

- 

37.5 
2&9 
a 2 0  
24.1 
30.3 
37.8 
3 5 2  
39.0 
37.0 
322 
30.1 
32  8 
40.7 
3714 
40.1 
35.1 
35.0 
33.1 
30.3 
321 
38. 8 
35.6 
41.2 
45.1 
42.3 
38.2 
34.3 
$3.1 
36.0 
34.4 
39.1 
40.0 

S l  

...... ...... ...... ..-..- ...... ...... ..--.. ...... ...... ...... .-..-. 
37.5 
44.0 
44.1 
47.0 
39.7 
37.0 
36.7 
38.1 
41.0 
44.0 
40.4 
420 
49.6 
49.9 
43.0 
39.0 
35.2 
41.0 
37.8 
43.3 
45,9 

38.9 - 

38.0 
28. 4 
24.1 
27.7 
33.0 
350 
37.1 
S l  
3lL1 
32.4 
30.3 
37.0 
43.0 
43.2 
48.1 
39.0 
37.0 
37.0 
36.7 
40.3 
43.1 
11. 6 
41.6 
50.8 
a 9  
43.3 
39.0 
35.0 
a 9  

43.8 
45.6 

38. o 

38 7 

+a 5 
+2.5 
+2 1 
+3. 6 
+2 7 
+a 2 
+1.g 

+l. 1 
+o. 2 

+4.2 
+2 3 
+5.8 
+6.0 
+3.9 
+2. 0 
+6.9 
+e. 4 

+4.3 
+e. 1 +a 4 
+5.7 
+e. 6 
+5.1 
+4.7 
+l. 9 
+4.9 
+3.6 +(. 7 
+S6 

+3.6 

+a 1 

+a 2 

+a 2 

33.9 
22.9 
19. 2 
229 
28.9 
36.4 
328 
38.0 
37.0 
31.0 
27.0 
a9 
3L5 
43.4 
36.6 
30.1 
31.8 

27.0 
29.4 
3 5 0  
31.9 
33.9 
39.9 
3 8 3  
34.1 
30.6 
a 0  
3 2 3  
31.8 
3 5 6  
36.9 

322  

m. o 

39.1 
2 9 0  
2&8 
28.0 
33.0 
39.3 
33.0 
39.0 

30.1 
38. 0 
44.9 
45.3 
48.1 
40.9 
39.1 
33.9 
36.9 
40.9 
45.2 
40.7 
40.3 
a 5  
482 
42.9 
39.2 
37. 1 
41.2 
39.1 
43.6 
426 

3a9 

$1 

+ 5.1 

+ 6.6 + 5.8 + 4.1 + 2 8  

+ 2.0 

+ 3.1 + 8.1 + 9.4 + 1.9 + 9.5 + 10.8 + 7.3 + 7.9 + 9.9 
+11.5 

+ 8.8 + 6.4 

+ ai 

+ a2 + 1.a 

+ 1.0 

+la2 

+ l a 6  + 9.9 + 8.8 + 8.6 + ai + 8.9 

+ so 
+ 7.3 

+ si6 

4- 6.7 

38.4 
29s 
!&.S 
33.8 
34.4 
40.3 
37.7 
42.1 
39.4 
33.0 
31.6 
38.2 
46.9 
46.7 

42.1 
38.3 
38.7 
39.1 
428 
46.0 
43.4 
44.0 
53.1 
51.0 
43.0 
40.3 
39.4 
43.0 
40.1 
47.0 
48.7 

40.8 

4 a  o 

+ 4.5 
4- s.9 + 7..6 
fla.9 + 5.5 
-t 3.9 + 4.9 + 4.1 + 2 4  +. 2 0  + 4.6 

+11.4 + 3.3 
+11.4 
+120 + 6.5 
+127 
+l2 1 
+13.4 
+11.0 
+11.5 

+13.2 
+ a 7  + 8.9 + 9.7 

+ 8.3 

+la 1 

+ l a 4  
+io. 7 + 8.3 

+ a6 

+lL 4 
+ l L  8 

33.6 
. a 4  

19.7 

a 9  
35.1 
31. B 
37.0 
36.1 
m.4 
27.3 
30.0 
33.0 
34.1 
36.8 
30.4 
30.3 
a5.8 
as9  
29.0 
34.8 
31.3 
3 2 7  
38.0 
36.8 
33.4 
m 4  
29.3 
31.7 
320 
34.8 
36.3 

31.3 

z I a  

33.41 + 2 1  3al +a0 I 
TABLE 4.--Minimum temperaturea and temperature invermbna on clear 

nighta at a&at&ms ahourti in j ig.  16. 

natn. 
1. 

!kE 
- 

35.4 
31.0 
27.6 
27. 9 
31.1 
!&S 
30.6 
33.0 
30.9 
37.9 
a.8 
4LO 
37.9 
327  
320 
31.0 
34.1 
36.5 
30.8 

32.9 

3. 

(1,555 feet.) 

4. 

(1,490 feet.) 

Data. a. 

(1,m feet.) 
W1ee.t. I 

- 
+I 6 
+LO 
+26 
+2 3 
+BO 
+2 1 
+3. 0 
+3. 6 
+3.7 
+5. 0 
+4.6 
+5.1 
+6. 0 
+3.9 
+4. 2 
+B 3 
+5.7 
+7.1 
+3.9 

.++ 1 

- 
+a 8 

+a e +a 2 +a 1 

+a 8 

+a 1 

-a 2 

+l. 2 

+o. 1 

-0.8 +a 6 
-0.0 
- a 7  
-0.7 
-1.0 
-1.0 

+a 3 
-0. 6 

+a 9 

-a o 

I 1918. 
Jan. 2 j  ........................................... - 

39.9 
320 
30.2 
30.2 
36.1 
28.9 
33.6 
36.6 
34.6 
429 u. a 
46.1 
43.9 
36.6 
88. 2 
37.3 
39.8 
43.6 
34.7 

37.0 

- 
36.2 
30.8 
2x2  
a 1  
3l.2 
a 0  
81.4 
33.1 
31.0 
37.1 
37.4 
u. 0 
37. 2 
320 
31.0 
30.0 
35.0 
368 
30.2 

329 

Apr. 1 ................... 
7.. ................. 
8.. ................. 

11 ................... 
la.. ................. 
14.. ................. 
!UL. ................ 
22.. ................. 
26.. ................. 
28.. ................ 
29. .................. 
30.. ................. 

May 1 .................... 
3 .................. - ,  
4 .................... 
5.. .................. 
6. ................... 
7. -. . - -. - - - - - - -. - . . - I 

10. ................... 
Averags. ............ 

24 ........................................... I 

3l.1 I +1.6 37.2 1 +4.3 

T A B L ~  %.-Minimum tempmaturea 012 clear nights on 15-foo.4 tower in omnge grove, near.Pomona, C'alq. 

Elevation above ground. I Elewtlon above gmund. I 
Date. 

Ufeat. I Wieet. 1 2 h t . l  5l&. 9 feet. 
- 
n. 8 
28.9 
2&9 
29.0 
29.7 

28.4 

- - I I I I  
- 
+a 8 +a 8 

+a 3 

+a 8 

+a 6 +a 9 

+l. 0 
+1.2 

1-1 I - I- - 
+l. a 
+1.7 
+l. 5 
+3.2 
+l. 1 
+1.5 
+a 0 
+l. 9 

+1.4 Jan.% ............ 
27 ............ 
28 ............ 

+L7 Feb. 3 ............ 
+a 8 
+2 8 

+2 2 
+3.0 
+4.5 
+4.1 

+1.9 29.6 I +2l w.9 +3.4 I I  
46808--21-3 



+3.0 
+3.7 

+ 2 5  +4.S 
+1.7 
+a.5 
+3.0 
+a.7 
+a.3 
+2.9 
+2.7 
+ 2 8  

35.4 
37.0 

37.0 41.2 
36.0 
35.9 
32.7 
33.4 
31.5 
35.7 
41.9 
37.4 .............. .............. .............. .............. .............. .............. .............. .............. .............. .............. .............. 

35.8 
39.1 
87.0 
42.0 
1 . 0  
M.8 
33.0 
83.6 
35.7 
36.2 
41.0 
38.0 

+8.8 
+6.7 
+3.2 
+6.0 
+2.7 
+5.0 
+4.0 
+3.6 
+4.7 
++a 
+2.0 
+4.0 .............. .............. .............. .............. .............. .............. .............. .............. .............. .............. .............. 

32 0 
32.4 
33.8 
36.0 
83.3 
31.3 
29.0 
30.1 ' 
31.0 
32.0 
88.0 
34.0 
26.8 
27.0 
28.6 
35.0 
31.1 
30.0 
27.6 
32. 6 
37.7 
35.1 
33.0 
37.1 
38.0 
34.1 
41.0 
u. 0 
38.7 
35.1 
41.4 
38.1 
32.0 
29.0 

S O  
27.5 
26. 0 
1 . 1  
30. a 
30.1 sa. 0 
29.0 
39.0 
38.1 
34.7 
39.1 
37.7 
u. 1 
33.5 
31.1 
34.6 

33.0 

14 .................................................. 
l8 .................................................. 
le-. ................................................ 
lil..... .............................................. 
10 .................................................. 
a1 .................................................. 
Y .................................................. .a- ................................................. 
26 .................................................. m .................................................. 
38. ................................................. 
N0v.m ............................................ 
1. ................................................. m ............................................. : .... 
Dcc.3 .............................................. 
lo .................................................. 
11. ................................................. u. ................................................. 
16. ................................................. 
l7. ................................................. u. ................................................. 
la. ............ , .................................... 
31 ................................................... 
P .................................................. 
1. ................................................. 
Y .................................................. 
111. ................................................. 
26 .................................................. !n. ................................................. 
111. ................................................. 
18. ................................................. 
a0 .................................................. 
31. ................................................. 

1 m .  
Jan, &.. ........................................... 
7. ............................ ... .................... 
8. .................................................. 
0. .................................................. 
10. ................................................. 
13 .................................................. 
14 ................................................... 
,111 .................................................. 
18. .................................................. 
ab. ................................................. 
18. ................................................. 
Feb. I .............................................. 
6. .................................................. 
7 ................................................... 
11. ................................................. 
14. ................................................. 
15. .................................................. 

Average. ..................................... 

+6.0 
+7.9 
+6.4 
+6.0 
+7.3 
+7.0 
+ a 4  
+ h 9  
+9.4 
+9.1 

.............. 
46.7 
43.1 
49.0 
48.7 
48.0 
44.1 

45.3 
43.0 
40.0 

51.0 

L - .  

47.1 
45.0 
50.7 
10.0 
40.2 
45.0 
B.1  

44.0 
40.3 

47.0 

.............. 
+9.1 

+ M 9  
+0.1 
+9.0 

+10.5 
+9.9 

+10.7 

+ I z o  
+m.4 
+a0 

+3.0 
+3.0' 

+6.8 
+KO 

+4.0 
+4.9 
+6.7 
+7.0 
+7.1 
+4.5 
+ai 
+4.3 
+6.2 
+h2 
+ 2 5  
+3.2 
+4.3 

7 88.9 
31.0 

34.5 
34.a 

36.6 
36.8 

. a m  
37.C 
40.e 
4 4 . B  
45.0 
44.c 
45.t 
48.C 
36.4 
35.f 
39.5 

34.9 
31.7 
35.0 
35.1 
37.8 
36.4 
40.7 

51.0 
46.0 
45.0 
44.5 

37.0 

40 

+l.9 
+4.1 
+9.0 
+9.0 
+7.8 
+6.1 
+a1 

+l2.0 
+7.6 

+10.3 
+ & I  

+ac 

+a? 

1019. 
11 .................... la.. .................. 
14.. .................. m- ................... 
22. ................... as.. .................. 
28.. .................. 
28. ................... 
30.. .................. 
1.. .................. 
3. ................... 
4.. .................. 
0. ................... 
0.. .................. 
7.. .................. 

10.. .................. 

29.7 

30.6 

37.0 
37.2 
36.4 
33.0 
31.6 
31.0 
30.3 
35.9 
36.8 
42.1 
41.5 
32.6 
34.1 
34.6 

27.8 

327  

+ a 1  

+ 4 1  

+48 
+5.3 
+ 4 3  
+4.7 
+2.6 
+4.1 
+3.3 
+ c 3  
+ e 1  
+La 
+ I 4  
+ 2 0  
+3.1 
+ e 4  

+ a 4  

+ a 7  

18.7 

30.3 
323 
37.8 

37.0 
34.6 
32.3 
31.1 
310  
36.3 
37.2 
43.7 
42.0 

36.0 

m.4 

980 

33.0 
34.0 

+a.1 

+a8 
+ a 3  
+T6 

++0 
+ a 2  
+ a 3  
++2 
+ e 0  
+ e 7  
+rh6 
+L8 
+h6 

+4.9 

+a0 

+ai 

+ a 3  
+a9 
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TABLE 7.-Minhum tmapatwce on elcm nights on @-joot tower in orange grove, Pmumu, C'alq. 

Elemtian above ground. 

Date.. I ' I  
lofeat. llfeat. aoieet. 25feet. 1 30feet. 35 feet. 40m. 
- 
+1.0 
+1.0 
+LO 
+O. 0 +o. 1 

0.0 
0.0 +o. a 

+1.0 +o. 1 
0.0 
0.0 ..... ..... ..... ,..... ,..._. ..... ..... ,-.... ...... ...... ...... 

+2.5 
+a. I 
+a. c 
+a. I 
+1.. 
+a.c 
+2r 
+a. I 
+3. I 
+l.% 

+l.( 
+l .  : 
+a. I 
+l. l  
+1.1 

+3.; 

3 
+a.c 
+1.: 
+1.: 
+l. 1 
+a.: 
+l.( 
+O.! 
+l. ~ 

+1.1 

+I. ,  

- 
+a. 0 
+1.7 
+1.4 
+3.1 
+o. 7 
+l .  1 
+2.0 
+l. 3 
+a. 0 
+l .  1 
+1.3 
+LO ..... ..... ..... -.-.. ..... _.__. ..... ..... ..-.. ..... ..... ..-.- 
+3.7 
+3.9 
+3.9 
+4.1 
+4.a 
+3.9 
4-4. 0 
+3. 6 
+6. a 
+4. I 

+1.1 
+l . t  
+3. $ 
+3. ! 
+a. I 
+2.i 
+4. I 
+4.c 
+3. c 
+a. c 
+a. I 
+2.I 
+4.: 
+a.: 
+a. I 
+ai 
+a. I 
+a. I 

_- 

- 
+a. 0 
+!a. 3 
+1.6 
+3.4 
+O. 6 
+l .  1 
+a. 0 
+l. 3 
+1.6 
+1.6 
+1.5 
+1.0 

+3.3 
+5. a 
+3.0 
+5.8 
+2.4 
+3.4 
+3.a 
+7.0 
+5.3 
+5.4 
+4.4 
+5.4 
+5.0 
+5.0 
+5.3 
+5.6 
+5.6 
+4.7 

+?.I 

+a. 0 
+a. 4 
+5.7 
+4.9 
+3. a 
+3.m 
+5. m 
+5. c 
+5.a 
+2.9 
+4.9 
+3. : 
+ h C  
+3. c +a. 1 
+a. 3 
+3.1 

+3. I 

...... ...... 

+a o 

- 

-- 

z: 
+4. a 

+e. 7 
+6.0 
+4.4 
+7.0 
+ha 
+2 8 
+h8 
+3.3 
+L 1 
+ a 3  
+7.3 
+a 1 
+R 6 

+11.4 
+ a 3  

+lo. 1 
+ a 3  
+1LP 
+1L3 
+10.9 
+11.1 
+11.0 
+ l a 0  
+11.0 
4-15 5 +lo. 0 
+l3.0 
+11.1 

+5.7 
+7.2 
+9.1 
+9.0 

+7.0 
+lo. 0 

+1LO 
+11.0 
+lo. 4 
+6.9 
+9.4 
+0.1 
+3.6 
+6.8 
+6.8 

+a7  +a 7 

+ a 4  

+ a 7  

+a 4 

+a 4 
- 

- 
83.0 
83.4 u. 8 
$6.9 
$2.4 
81.3 
to. 0 
a 3  sa. 0 sa. 1 
18.0 
$4.0 ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... .._._. 
80.6 
40.1 m. 1 
u). a 
44. a 

40. a 
SI. a 

40.2 
a7.1 
43.0 

1 . 1  

31. 
28 .8  
28 .0  
S O  
32. E 
31.6 
34.c (y 36. c 

a. % 
40. c 
42.1 
34.4 
32. : 
35.1 

35. : 

I 1019. 
Fob. 18. ............................................ _. 34.0 

34.1 
35. a 
30.1 
33.0 
32.4 
31.0 
31.4 
33.0 
33.1 
40.3 
35.0 ......, ...... ...... ...... ..-.-. ...... ...... ...... ...... ...... ...... ...... 
41.7 
38.0 
44.9 
45.1 
42.7 
39.0 
45.4 
42.0 
38.t) 
94.0 

81.7 
29.1 
29.9 
29. B 
33.0 a. a 
s a  
33. a 
42. a 
37. m 
42. a 
43. a 
35. m 

40.1 

43. 4 

33.4 
37. I 
36.1 
- 

34.0 
34.7 
35.4 
39.4 sa. 9 
32.4 
31.0 
31.4 
32.6 
33.6 
40.5 
35.0 

31.9 
40. a 
34.1 
35.8 
30.0 
36.0 
40.9 
42  1 
38.3 
42.5 
42  4 
39.5 
46.0 
46.0 
44.0 
40.7 
47.0 
42.8 
40.0 
37.0 

32.0 
29.9 
31.7 
31.0 
34.0 
33.7 
37. 6 
34.0 
44.0 
41.0 
39.6 
4 2  6 
42.7 
44.1 
35. e 
33.6 

37. J 

...... ...... 

3a a 

- 

35.0 
8 . 1  
36.3 
40.3 
34.0 
3s. 8 
32.0 sa. 8 
33.3 
34.9 
41.7 
36.8 _._.. ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ,..... 
44.0 
42  0 
47. I 

46.0 
43. 0 
49. I 
44. 0 
41.4 
39. E 

38. C 
30. : 
33. c 
33. < 
35. I 
35. ( 
88. i 
36. ( 
40.7 
42. t 
42.1 
43. < 
43.8 
40.1 
30.1 
34.2 
3 8 . I  

89. I 

47. a 

+3.4 
+5.5 
+3.a 
+5.2 
+a. 7 
+4.6 
+3.7 
+3.3 
+3.5 
+3.7 
+a 0 
+3.4 ...... ...... ...... .-.-.. ...... ...... .-.-.- .._._- .._._. ...... ...... ___._. 
+7.1 

+8. 0 
+7. '1 
+9. I 
+9.c 
+g. e 
+7.1 

+11.c 
+lo. I 

+a. % 
+3.1 

+8.4 
+6. < 
+5. ! 
+7. ( 
+8. ( 

+lo. ( 
+6. +lo. * 
+4.( 
+7. I 
+6.4 
+a.c 
+3.! 
+hi 

+6. i 

+g. a 

+a( 

37.0 
41.0 
38.0 
44.7 
30.0 
38.0 
36.0 
84.8 
38.9 
87.2 a. 8 a. 8 
18.1 
82.1 
sL0 
a 8  
87. a 
S.8 
30.0 
44.0 
48.0 
48.2 
48.3 
48.3 
49.3 
411.0 
a 1  
82.0 
61.6 
47.0 
a 0  
49.0 
46.0 
41.0 

35.7 
32.0 
35.1 
m.0 
38.0 
37.1 
42.0 
37.4 
&. 0 
49.1 
45.1 
48.0 
47.1 

37.0 
36.9 
41.4 

42.3 

so. a 

- 
+hlf  40.1 41.0 +7.1 1 

I 1 Elevation abovepnmd. Elevatlon above ground. 

L5 feet. 25 feet. 25 le&. 
- 
+O. 0 
+1.0 
+l. 1 
+l. a 
+LO 
+l. 7 
+a. 3 
+a 0 +a 1 
+1.6 
+2 6 +a 1 
4-2 6 +a. a +a. 0 
+I. 0 

+l. 3 
+a a - 

- 
+l. 4 
+ a 4  
+a 1 
+l. 8 
+2 7 

+a. 0 
+l. 7 
+1.0 +a 0 +a 0 
+a 4 
+a 4 
+2 a 
+a. 6 
+1.3 
+l.6 

+l.9 

+a. 1 

+a 8 

Apr. 

-Y 

2aa 
Sa0 
26. a 
30.6 
31.9 
30.4 
s 7  
36.9 
40.1 
SI. a 
32.5 
30.1 

32.8 
33.0 
29.0 

29. 3 

1 
27.6 
24.4 
m 5  
29.0 
322  
31.0 
3 2  1 
28.3 
29.0 as. 9 
27.0 
31.6 
327 
36.9 
37.1 
29.7 
31.0 
Xl.1 

Sal 

1920. aa... ................. 
23.. .................. 
24. ................... 
25. ................... as. ................... 
2s.. .................. 
29.. .................. 
2.. .................. 
3.. .................. 
4. ................... 
5.. .................. 
6.. .................. 
7.. .................. 
Y.. .................. 

10.. .................. 
11. ................... 
14.. .................. 
Average.. ............ 

27 .................... 

!29.81 + 4 5  +1.7 
+l. 1 
+2.9 
+2.3 
+3.0 
+2 8 
+3.7 
+LO 
+4.9 
+5.4 
+4.4 
+5.0 
+6. Y 
+6.1 
+6.0 
+3.1 

+a. 7 
+a6 

Apr. 

May 

29.0 
1. 8 
286  
30.8 
319  
34.0 
34.1 
30.0 
30.0 
!2&9 

34.0 
a5.1 
39.1 
39.7 
31.0 
32.6 
32.9 

32.0 

ao. o 

- 

27.3 
29.9 
!?A1 m. 4 
30.9 
29.2 
314  
34.0 
38.0 
tB.6 
!Z?2.9 
280  
! a 8  
Xl.6 
31.0 
280  

29.0 
31.0 
280 
31.7 
33.0 
3 2 0  
3% 1 
39.0 
42.9 
3 . 0  
M 3  
33.0 
33.6 
36.7 
37.0 
31.1 

327 
28.6 

+a 0 ++ 0 

. lsBQ 
Abc. 11.: .................. 31.3 

18.: ................._I w.2 8 6 3 1  ++a 33.71 +a6 


